Background: Optimizing initial antiretroviral therapy (ART) regimens is critical in improving the durability of treatment efficacy and patient prognosis. Reasons for and risk factors relating to the need for ART modifications were evaluated in an outpatient cohort in Mbabane, Swaziland.
Introduction
Antiretroviral therapy (ART) use has resulted in a significant reduction of morbidity and mortality associated with AIDS, and scaleup of ART provision in resource limited settings has increased [1] . In Swaziland, a country with one of the highest HIV prevalence rates in the world, ART provision has expanded rapidly, with the result that more than 32,000 patients (out of 58,024 in need of ART) had accessed treatment by the end of 2008 [2, 3] .
Studies on North American and European cohorts have shown that most patients tolerate their initial treatment regimens well for up to 24 to 36 months after initiation [4, 5] . However, a significant number of patients' treatment regimens are modified for various reasons, including poor drug tolerability, drug toxicities, drug-to-drug interactions, pregnancy and treatment failure [4] [5] [6] [7] . In resource limited settings where subsequent treatment options are limited, strategies to maximize drug tolerability and treatment benefits from the available first line regimens are vital. In order to achieve this goal, it is important to understand the reasons for changes in ART regimens and the risk factors that may be associated with a need for treatment modification. Such an understanding will help to individualize drug regimens that are better tolerated among patients while at the same time preserving future treatment options. However, relevant data from resourcelimited settings are still limited. Hence, in this retrospective cohort study, the reasons and risk factors for first line antiretroviral treatment modifications at a large outpatient HIV clinic in Swaziland a country in Southern Africa were investigated.
Methods

Study setting and participants
The Mbabane Government Hospital Antiretroviral Therapy Unit is the biggest HIV outpatient clinic in Swaziland. Standard WHO (World Health Organization) -adapted treatment and care guidelines for resource-limited settings are followed [6] . During the study period, 2006 ART guidelines were in use consisting of stavudine (d4T) or zidovudine (AZT) with lamivudine (3TC) and either efavirenz (EFV) or nevirapine (NVP). Patients presenting with WHO Stage 4 disease and/or a CD4 count lower than 200 cells/mm 3 were eligible for the initiation of ART [6] . Clinical and laboratory data were collected at all scheduled visits except for viral load which is only collected when there is suspicion of treatment failure.
For inclusion into this retrospective analysis, patients had to fulfill the following: adults initiated onto first-line ART between 01 March 2006 and 31 March 2008, ART naïve (except for short term Prevention of Mother to Child Transmission of HIV (PMTCT) prophylaxis), at least 2 recorded visits and dates of treatment modification available.
Measurements and data collection
Three main data sources were used for data collection: an electronic database in Excel format in which patient information is captured at every visit, patient visit files and patients' pharmacy refill booklets. The database contains most demographic and clinical variables for each visit. Most of the patient observations were extracted from this source. Information missing from this source was checked in the patient visit file and pharmacy refill booklet. Data about reasons for ART modifications was mainly extracted from the pharmacy refill booklet and the patient visit file. Information from all the sources was double-entered onto an Epi-Data TM -based questionnaire. This process had quality checks incorporated to reduce data entry errors. Data was then exported to STATA Version 10 TM (STATA Corporation, College Station, Texas, USA) for analysis.
The primary outcome was defined as a first-time treatment modification (drug substitution or regimen switch). Time zero was the day of ART initiation and the cut-off date for analysis was 31 December 2008. Patients were right-censored at the date of their last recorded visit if they had stopped clinic visits because of being transferred out, being lost to follow-up or unknown reasons (may have included deaths). The following potential predictor variables were examined: gender, age, weight, CD4 count, WHO stage and ART drug regimen (NVP versus EFV as the NNRTI backbone and d4T versus AZT/TDF as the NRTI backbone) at initiation and time spent on treatment.
Statistical analysis
Patient demographics and clinical indices at the initiation of treatment were described using percentages for categorical data and medians and inter-quartile ranges for numerical variables. We identified reasons for modification and calculated proportions and incidence rates for these modifications. The log-rank test and Kaplan-Meier plots were used to compare survival curves between any two compared groups. Hierarchic approach was applied to fit the final model; starting with a null model, followed by fitting the other variables hierarchically alone and then in combination. The model with the best fit (lowest Akaike Information Criteria) was selected. The model was further assessed for the proportionality assumption. A piecewise Cox regression model, whereby we categorized the study observations to two different time periods (during which the hazard ratios of this variable were proportional) was used to deal with the proportionality violation by the d4T vs. AZT/TDF variable. The following interaction terms were tested; time period with WHO stage, d4T vs. AZT/TDF based regimen, NVP vs. EFV based regimen, and also weight category with d4T based regimen vs. AZT/TDF based regimen and CD4 count at initiation. A p-value of less or equal to 0.05 was used to indicate statistical significance. Data was analysed in STATA Version 10 TM . 
Results
Characteristics of study cohort
Among the 1297 patients who were initiated on first-line ART between 01 March 2006 and 31 March 2008, a total of 824 patients satisfied the inclusion criteria. Of these patients satisfying the inclusion criteria, an additional 28 patients were excluded for missing information on drugs that were modified (or information on whether they were still using their original regimen) and 14 patients were further excluded for missing reasons for ART modification. This left 782 patients for inclusion in the final analysis. The baseline characteristics for the study cohort are summarized in Table 1 . The majority (66.5%) of these patients were female with a median age of 36 years. The median CD4 count at initiation was 115 (IQR 64-183 cells/mm 3 ), the median weight 62 kg (IQR 55-70kg), and 25.4% of the patients were at WHO stage 4. The most common regimens initiated were NVP/3TC/d4T (36.1%) and NVP/3TC/AZT (37.9%). Nearly one fifth of the patients were initiated on EFV/3TC/AZT, whilst 5% were initiated on EFV/3TC/d4T. Less than 1.6% of the patients were initiated on a protease-inhibitor based (PI) regimen.
Reasons for treatment modification
Over a median follow-up period of 21 months (IQR 12.3-27.5), 17.5% (n=137) of the 782 patients modified their first line antiretroviral regimen. This represented an overall ART modification rate of 0.9 per 100 person years (95% CI: 0.7-1.0) over a total of 1296 person years of follow-up. Table 2 shows the different reasons for treatment modification. By the study cut-off date, 506 patients (65%) were still in care. Of the 276 (35%) patients' no longer in care, 95 (12.1%) patients were transferred out to other clinic sites and the remaining 181 patients (23.1%) were either lost to follow up or dead. We had no access to death data.
The incidence rate for modifying treatment for reasons related to drug toxicity was 6.3 per 100 person years (95% CI: 5.2-7.7). Peripheral neuropathy and lipodystrophy (including lipoatrophy) were the most common toxicity-based reasons, 23 respectively. These were mainly drug substitutions of d4T (peripheral neuropathy, n=32 d4T substitutions, and lipodystrophy, n= 30 d4T substitutions and n=1 AZT substitution). Most patients who had d4T substituted because of mitochondrial-related toxicities had the drug replaced by AZT and in some few cases, abacavir (ABC). In cases of peripheral neuropathy, substitution of ART drugs was only after the symptoms did not remit to use of analgesics, amitryptaline and also carbamazepine in some cases. Incidence rate for reasons related to drug contra-indications was 9.5 per 100py (95% CI: 6.5-13.9) and this was because of TB treatment (13.1%, n=18) and pregnancy (6.6 %, n=9) is contraindicated to use NVP concurrently with rifampicin based TB treatment hence patients on NVP based regimens and also starting TB treatment had NVP replaced with EFV. In pregnant patients, EFV was substituted for NVP in the first trimester because of increased teratogenecity risk. Table 2 further shows these findings stratified by duration on ART.
The majority of the modifications were single-drug substitutions; d4T (n=68), NVP (n=34), then AZT (n=16), EFV (n=11) and one drug substitution was of ritonivir boosted Saquinavir (SQV/rt) because of a high pill burden. Regimen switches accounted for 5% (n=7) of the modifications. Of these switches, six were of NVP/3TC/d4T (lactic acidosis, n=1; drug shortage=2; treatment failure, n=2; severe rash, n=1) and the other one was of NVP/3TC/AZT due to hepatitis. Figures 1, 2 and 3 show the Kaplan-Meier estimates for the cumulative probability for modification stratified by initiation regimen (d4T versus AZT/TDF), baseline weight and baseline CD4 count category respectively. The risk for modification over the follow-up period was higher for those on a d4T based regimen, those with higher baseline weight, those initiating ART with a CD4 count <200 and among older patients. Gender, WHO stage and being on NVP based regimen did not significantly affect the risk of modification.
Risk factors for treatment modification
As the proportional hazards assumption did not hold, a piecewise Cox's regression model was fitted with two time periods, up to and including 11 months of time on ART and beyond 11 months on ART. This multivariate model was computed to estimate separate hazard ratios before and after 11 months on ART (Table 3 ). In the first 11 months of therapy, baseline CD4 <200 versus CD4 ≥ 200cells/mm 3 the hazards for treatment modification, but these estimates did not reach statistical significance. A yearly increase in age seemed not to be associated with the risk of treatment modification (HR 0.98; 95% CI: 0.95-1.02). However, beyond 11 months of ART, the following factors were associated with treatment modification: baseline CD4 <200 vs. CD4 ≥ 200cells/mm 3 (HR 4.42; 95% CI: 1.62-12.1), d4T vs. AZT/TDF in the regimen (HR 2.64; 95% CI: 1.56-4.46), baseline weight ≥ 60kg vs. < 60kg (HR 2.40; 95% CI: 1.43-4.04) and increase in age (HR 1.03; 95% CI: 1.00-1.05). Gender was not significantly associated with the risk of treatment modification.
The following interaction terms were significant in the univariate model; time period with WHO stage, NVP vs. EFV based regimen with time period, and weight category with d4T vs. AZT/TDF based regimen. However in the piecewise multivariate models all interaction terms were no longer significant.
Sub-group analysis of d4T-based vs. AZT-based regimens
We also compared the ART modifications differed according to regimen type. Reasons for modification and hazard ratios for the potential risk factors stratified according to the NRTI in the regimen (on a d4T-based regimen vs. an AZT-based regimen) were computed among patients initiating ART with NVP as the NNRTI. A total of 578 patients (73.9%) were initiated on NVP-based regimens and 282 out of 578 patients (48.8%) had d4T in their regimen while 296 out of 578 patients (51.2%) had AZT in their regimen. Table 4 illustrates these findings.
In the multivariate analysis, baseline CD4 count less than 200cells/ mm 3 (HR 5.88; 95% CI: 1.42-24.3), baseline weight greater then 60kg (HR 2.48; 95% CI: 1.35-4.56) and increase in age (HR 1.03; 95% CI: 1.01-1.06) were all significant predictors for treatment modification among patients on d4T-based regimens. Among those on AZT-based regimens, only WHO stage (HR 0.38; 95% CI: 0.62-0.91) showed a significant association with treatment modification.
Discussion
Over the median follow-up time of 21 months, 17.5% of the patients in this cohort modified their initial antiretroviral regimen. Reasons for modification were related to toxicity, drug-contraindication, treatment failure, drug shortage and pill load. Beyond 11 months of treatment, having d4T in the initial regimen and a baseline weight over 60kg increased the risk of modification almost three times, whereas initiating ART with a CD4 count lower than 200 cells/mm 3 increased the risk of treatment modification almost four times. Older age at ART initiation was also associated with increased risk for treatment modification. This study provides unique and important data on reasons for and risk factors involved in antiretroviral treatment modifications in routine clinical set-ups in resource-limited settings where preferred treatment regimens and patient characteristics differ from those widely reported for observational cohorts in Europe and North America and in clinical trial settings.
Only 17.5% of the patients over the median follow-up period of 21 months modified their treatment. This proportion is far lower than that reported in other observational cohorts, mainly in Europe and North America, where treatment modification rates are higher, 36% to 53% [4] [5] [6] [7] . The lack of alternative treatment options in resource-limited settings may influence clinicians to be more reluctant to modify regimens. Also, current guidelines for treatment in resource-limited settings encourage the use of rigid predetermined cost-effective regimens [2, 3] . Another issue to consider is that patients in resource-rich settings are more likely to be better informed about their care and would anticipate any unusual effects that could be attributed to their treatment. Such informed patients would be ready to report any intolerance and have their drugs modified.
Toxicity-related factors have been identified as the most common reason for treatment modification in other studies [8] [9] [10] [11] [12] [13] . This finding is supported by the results of this study. Gastrointestinal toxicities are the most commonly reported toxicities that result in treatment modification, especially in European and North American cohorts [6] [7] [8] 10, 11, 14] . The frequent use of protease inhibitors (PIs) in developed countries may explain such findings [11] . By contrast, mitochondrialrelated toxicities such as lipodystrophy and peripheral neuropathy were the majority of the toxicities which resulted in treatment modification in the current study. This is due to the widespread use of d4T in this clinical set-up, as well as the use of AZT. This is supported by a study in Cape Town, South Africa where the regimens that were used were very similar [9] . In the Cape Town cohort the largest number of drug substitutions due to toxicity was in patients on d4T: approximately 21% of those who originally started with a d4T-based regimen substituted it, because of toxicity. The findings of the study reported in this article raise questions about the continued role of d4T in first-line treatment guidelines and support recommendations to move away from such regimens [12] . Recently, Zambia a country with a similar clinical and demographic setting to Swaziland, has introduced tenofovir (TDF) as an essential part of its first-line regimens. Preliminary safety and tolerability results are encouraging [13] .
Treatment modification due to anaemia related to AZT toxicity were significant (7.3% of the modifications). This highlights the need to screen patients for anaemia before the initiation of therapy. In the DART trial, in which patients with low haemoglobin were excluded (Hb<8g/dl), the majority of patients who had incident anaemia did not have baseline anaemia even though lower haemoglobin did correlate as a risk factor. Only 6.6% of patients developed anaemia with only 11% having to switch [15] . In our cohort, patients had only initiated AZT containing regimens if there haemoglobin at baseline was >10g/ dl. NVP in a treatment regimen was well tolerated, accounting for less than 10% of the reasons for modification. This figure approximates the findings in a study by Boulle et al. [10] which showed that 8.8% of patients initiating NVP in their cohort changed to EFV. An analysis of the Khayelitsha cohort in South Africa also showed a similar trend [16] . These findings contrast with those in rich-resourced settings, where NVP use is discouraged, especially in patients with higher CD4 counts [17, 18] . However, patients in the Mbabane ART clinic and in similar settings usually start on ART with lower CD4 counts. Considering the widespread NVP use in this setting and changes in CD4 criteria for ART initiation, more studies are required to determine the safety and tolerability of NVP-containing regimens in such settings.
In contrast with the findings of other reported studies, gender was not a significant risk factor for treatment modification in this population [9, 19, 20] . Older age in this cohort showed association with treatment modification, a finding which was not seen in other related studies [9, 10] . This association with age was however weak. Weight upon initiating ART was a very strong risk factor for modification. This may be a reflection of the practice of weight-based d4T dosing during the study accrual period. It is important to note that during this period for patients with a baseline weight over 60 kg it was recommended to initiate a higher dose of d4T (40mg if their weight was over 60 kg versus 30mg if their weight was less than 60kg) [2] . Doses of d4T above 30mg are no longer recommended, as they have been shown to have a worse toxicity profile, besides achieving a similar efficacy to the 30mg dose [21] . Heavier patients have also been shown by some studies to be more susceptible to mitochondrial-related toxicities [18, 21] .
Where other treatment options are not available, a risk score for toxicity and tolerability could be useful in pre-determining treatment regimens. Patients initiating ART with lower CD4 counts also showed poor regimen durability, compared to those with higher CD4 counts at initiation. A baseline CD4 count <200 cells/mm 3 increased the risk treatment modification by more than four times, compared to a baseline <200 cells/mm 3 . These results are consistent with other findings that show that sicker patients are more likely to have more side-effects and more regimen changes, possibly because they are on other medications for opportunistic infections, than those with a higher CD4 count at initiation [22, 23] . Poor regimen durability shown in this sub-group of patients initiating ART also provides evidence that initiating ART earlier, at CD4 counts well above 200 cells/mm 3 should be the current standard of care. Besides improving patients' clinical prognosis, this approach will also improve the ART regimen durability.
Drug contra-indications mainly due to drug-drug interactions with TB treatment and the diagnosis of pregnancy during ART also contributed to modification in this study. Patients initiating TB therapy; and a diagnosis of pregnancy during therapy constituted 13% and 6.6% of the reasons for modification respectively. This demonstrates the burden of TB in this setting and raises the need for more aggressive TB screening in patients initiating ART. Family planning programs should also be routinely integrated into routine HIV care to prevent unplanned and unwanted pregnancies. Patients most likely to become pregnant need to be identified early on during their treatment. These findings confirm recent findings by a recent study in Côte d'Ivoire [24] in which the rate of treatment modifications was 20.7 per 100 patient-years (n=2012 patients). The most frequent drug substitutions were due to intolerance (12.4 per 100 patient-years), pregnancy (4.5 per 100 patient-years) and TB (2.5 per 100 patient-years). Twenty percent of EFV substitutions resulted from pregnancy and 18% of NVP substitutions were related to TB treatment.
Our findings must be interpreted in light of their limitations. A retrospective review of medical records carries a risk of misclassification bias. The analysis of a single treatment site, even though it is the largest in the country, may only reflect treatment practices at that centre, which cannot be generalized to other sites. Another limitation is the possibility of informative censoring bias. Events resulting in censorship could have been related to the outcome of the study, i.e. patients lost to follow-up might have been lost due to poor drug tolerability or even treatment failure. This limitation implies that the modification rates may have been underestimated. This limitation may also partially explain the very low treatment failure rate we observed. It is highly likely that there were other treatment failures not documented due to patients lost to follow-up or dying (about 23.1%). Since there was no active programme for follow up tracing, we had no access to detailed follow up data to examine in order to understand the magnitude of this possible bias. The other important limitation of this study is that it reflects prescribing practices relative to a 2-year period (2006) (2007) (2008) , which is no longer common practice. However these results still reinforce some already known data about poor d4T tolerability and the increased risk of toxicity and regimen tolerability for individuals initiating ART with low CD4 counts [25, 26] .
In conclusion, this study reports lower rates of ART modifications in this population than in cohorts in resource-rich settings. However, the burden of peripheral neuropathy and lipodystrophy related to d4T use is a matter of major concern, as it accounts for the majority of modifications. Another concern is that a significant number of patient's treatment was modified due to TB therapy and pregnancy. Safer and more tolerable drugs (e.g the introduction of TDF in Swaziland treatment guidelines in 2010) should be made more accessible to treatment programs in resource-limited settings. Screening for TB should be intensified and routine before patients start HAART. Family planning programs should also be integrated into routine HIV care. Addressing these issues will further reduce modifications and improve initial ART regimen tolerability, thereby increasing the probability of achieving sustained viral response, and at the same time preserving future treatment options.
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